Higher hip fracture incidence in urban than in rural areas has been demonstrated, but urban-rural differences in posthip fracture mortality have been less investigated, and the results are disparate. Hence, the aims of the present register-based cohort study were to examine possible urban-rural differences in short-and long-term mortality in Norwegian hip fracture patients and their potential associations with sociodemographic variables, and to investigate possible urban-rural differences in excess mortality in hip fracture patients compared with the general population. Data were provided from the NOREPOS hip fracture database, the 2001 Population and Housing Census, and the National Registry. The urbanization degree in each municipality was determined by the proportion of inhabitants living in densely populated areas (rural: <1/3, semirural: 1/3 to 2/3, and urban: >2/3). Age-adjusted mortality rates and standardized mortality ratios were calculated for hip fracture patients living in rural, semirural, and urban municipalities. A flexible parametric model was used to estimate age-adjusted average and time-varying HRs by category of urbanization with the rural category as reference. Among 96,693 hip fracture patients, urban residents had higher mortality than their rural-dwelling counterparts. The HR of mortality in urban compared with rural areas peaked during the first 1 to 2 years postfracture with a maximum HR of 1.20 (95% CI, 1.10 to 1.30) in men and 1.15 (95% CI, 1.08 to 1.21) in women. The differences were significant during approximately 5 years after fracture. Adjusting for sociodemographic variables did not substantially change the results. However, absolute 30-day mortality was not significantly different between urban and rural residents, suggesting that health-care quality immediately postfracture does not vary by urbanization. The novel findings of a higher long-term mortality in urban hip fracture patients might reflect disparities in health status or lifestyle, differences in posthip fracture health care or rehabilitation, or a combination of several factors.
Introduction
H ip fractures represent a major health problem in Western societies, and numbers are likely to increase with an aging population. (1) Hip fractures are associated with considerably impaired function and reduced quality of life in the individual patient, and constitute a major economic burden on the health-care systems. (2) (3) (4) (5) There is also a considerably increased posthip fracture mortality, (6) which is associated with numerous risk factors, both in terms of individual patient characteristics such as comorbidity, age, and sex, as well as health-care system-related factors, such as waiting time to surgery. (7, 8) Urbanization is interesting when addressing posthip fracture mortality, as transportation time to hospital and the quality of health-care services may differ between urban and rural areas, and this could possibly affect mortality. Furthermore, differences in health status and sociodemographic factors, such as educational level and social network, could potentially contribute to urban-rural mortality differences following hip fractures.
Whereas urban-rural differences in hip fracture incidence are well-documented with higher rates in urban areas, (9) urban-rural differences in posthip fracture mortality have been less studied. The results from previous studies are somewhat disparate, (10) (11) (12) and we identified only one small study on urban-rural differences in long-term (5 years) mortality. (11) Furthermore, if mortality in the general population differs by category of urbanization, this could potentially explain any observed urban-rural differences in hip fracture mortality. None of the previous studies report measures of excess mortality by comparing mortality in hip fracture patients to the general population mortality in urban and rural areas. Thus, possible underlying urban-rural mortality differences in the general population have not been taken into consideration. Therefore, the aims of the current study were to examine: (1) any urban-rural differences in short-term and long-term absolute mortality; (2) any urban-rural differences in short-term and long-term relative mortality; (3) whether possible urban-rural differences could be explained by sociodemographic factors such as level of education, number of children, and whether the patient lived alone or not; and (4) urban-rural differences in excess mortality in hip fracture patients compared with the general population.
Materials and Methods
The NOREPOS hip fracture database (NORHip)
The study was based on hip fractures sustained during 2002 to 2013 in patients aged 50 to 100 years. Data from all Norwegian hospitals treating hip fractures during 1994 to 2013 are available from the nationwide NOREPOS hip fracture database (NORHip). (13) As only first hip fractures were included in the study, the period 1994 to 2001 (before the Population and Housing Census, see below) was used as a washout period. Detailed descriptions of the data collection, classification, validation, and quality assurance of the NORHip are available (14, 15) and are briefly outlined below. For the period 2002 to 2007, the identification of hip fractures was based on computerized discharge diagnoses (ICD-10 S72.0-S72.2) from the patient administration systems in the hospitals. Additionally, dates of admission and discharge, additional diagnosis codes, and surgical procedure codes registered during the hip fracture hospitalization were also retrieved. (14) For the period 2008 to 2013, NORHip was updated with data from the Norwegian Patient Registry, using the same procedure when identifying fractures as in the first NORHip data collection. (15) Both NORHip data collections have been thoroughly validated and quality assured. (14, 15) Subjects entered the cohort on the day of their first hip fracture and were followed until death (event), emigration, or end of follow-up on October 31, 2014. Dates of death and emigration in hip fracture patients and in the general population were retrieved from the National Registry.
Definition of rural, semirural, and urban municipalities
The 2001 Population and Housing Census (Statistics Norway) was used to obtain information on municipality of residence for hip fracture patients and the general Norwegian population. According to Statistics Norway, geographic entities for which inhabitants are estimated to live less than 50 meters apart, are defined as being densely populated. The number of individuals living in densely populated areas within different municipalities is available online. (16) For each municipality a degree of urbanization was calculated as a continuous variable (between 0 and 1), reflecting the proportion of inhabitants living in densely populated areas in 2001. In municipalities with an urbanization degree of 0, no one lived in densely populated areas, whereas 1 corresponded to everyone living in densely populated areas. The municipalities were categorized in three groups according to the proportion living in densely populated areas: rural (<1/3), semirural (1/3 to 2/3), and urban (>2/3).
Sociodemographic factors
Information about the highest achieved level of education, number of children, and whether the patient lived alone was retrieved from the 2001 Population and Housing Census. Three categories of educational level were defined: primary education (0 to 9 years of education), secondary education (10 to 12 years of education), and tertiary education (≥13 years of education). Information on one or more of these variables was missing for 3177 hip fracture patients (3.3%). As the proportion of missing data was small, these patients were excluded from the multivariable adjusted analyses.
Statistics
Analyses of absolute mortality in hip fracture patients Data were analyzed in Stata SE 15 (Stata Corp., College Station, TX, USA). Age-adjusted mortality rates were calculated by sex and urbanization category for defined time intervals (0 to 30 days, 1 to 12 months, >1 to 5 years, and 5.1 to 12.8 years after the fracture) by direct standardization.
Analyses of relative mortality in hip fracture patients
In model-based analyses of survival, a flexible parametric survival model was used as an alternative to the Cox model to allow nonproportional hazards and predict time-varying HRs. (17) We compared model fit with and without urbanization category (exposure) as a time-varying coefficient (based on likelihood ratio, and the Akaike and the Bayesian information criterion). When used as a time-varying coefficient, the effect of urbanization on mortality is assumed to vary over follow-up time. (17) Separate models were fitted for men and women. Age-adjusted HRs by category of urbanization were first calculated for the whole time period with the rural category as reference. These analyses, which reported an average HR for the whole period of follow-up, were run without a time-varying coefficient. In analyses used to predict the HR for hip fracture patients in urban compared with rural areas by time after fracture, urbanization category was used as a time-varying coefficient to detect a possible variation in HR during the follow-up time caused by time-varying effects. Furthermore, statistical interactions were tested between urbanization category and educational level, number of children, county, and the variable indicating whether a patient lived alone.
Analyses of excess mortality in hip fracture patients compared with the general population
In analyses of excess mortality in hip fracture patients, sexspecific mortality in 0.5-year-age groups by calendar year in the Norwegian population (2002 to 2014) was used as reference.
As we did not have information on birth date and month (only year), July 1 was used as an approximate birth date for all patients when calculating person time; therefore, 0.5-year-age groups had to be used to categorize subjects correctly by age group and calendar year. Age-adjusted mortality rates in the general population by urbanization category and sex were calculated. Excess mortality was first estimated by calculating standardized mortality ratios (SMRs), and then by using the flexible parametric survival model.
SMRs with 95% CIs were calculated by dividing age, sex, and calendar-year-specific mortality rates in hip fracture patients by the corresponding mortality rates in the general population. Total and 1-year SMRs were first calculated for male and female hip fracture patients, regardless of urbanization category, to obtain an overall estimate of excess mortality in hip fracture patients comparable to previous studies. Second, SMRs for the whole period were calculated within each urbanization category. In the latter case, the mortality rates used as reference were also specific for each category of urbanization (in addition to being age-, sex-, and calendar-year-specific).
Finally, the flexible parametric survival model was also used to investigate potential differences in excess mortality across degree of urbanization. In this model, sex-specific excess mortality rate ratios were estimated by comparing excess hazard rates in urban, semirural, and rural areas. Again, the general population mortality by 0.5-year age group, sex, calendar year, and urbanization category was used as reference.
Sensitivity analyses
The potentially long timespan between the Population and Housing Census and the hip fracture could result in misclassification if the patient had changed place of residence during this period. Therefore, sensitivity analyses excluding patients who fractured after 2006 (ie, more than 5 years after the Population and Housing Census) were performed. Moreover, urbanization degree was determined on municipality level. If urbanization degree varied within a municipality, this might have led to misclassification of some inhabitants. Therefore, sensitivity analyses using urbanization degree as a continuous variable were also conducted to compare patients living in municipalities with an urbanization degree of 1 (strictly urban) to patients living in municipalities with an urbanization degree of 0 (strictly rural).
Ethics
The study and the linkages of data were approved by the Norwegian Data Inspectorate, the Directorate of Health, Statistics Norway, The National Registry, the Norwegian Patient Registry, and the Regional Committee for Medical and Health Research Ethics. 
Results

Characteristics of the study population
The study included 96,693 first-time hip fracture patients aged 50 to 100 years (69.8% women). There were 62,317 hip fracture patients who died during the study period (64.4%). The majority of patients lived in urban areas (66.7% of men and 69.3% of women; Table 1 ), and mean age at hip fracture was slightly lower in urban than in rural municipalities (p < 0.001 for the difference in both sexes). In men, median survival time was 2.7 years in all categories of urbanization. The corresponding median survival times in women were 4.3, 4.3, and 4.1 years in rural, semirural, and urban areas, respectively. In both sexes, the proportion of hip fracture patients with primary education only (0 to 9 years) was highest in the rural municipalities.
Urban-rural differences in absolute mortality
Age-adjusted 30-day mortality rates were not statistically significantly different between urban, semirural, and rural residents ( Fig. 1 ). After 30 days, increasing degree of urbanization was associated with higher mortality. 
Urban-rural differences in relative mortality and sociodemographic factors
Overall, mortality was 8% higher in hip fracture patients living in urban compared with rural areas during the 12.8 years of follow-up [average HR for the whole period 1.08 (95% CI, 1.05 to 1.11), adjusted for age and sex]. There were no significant differences between semirural and rural areas (HR 1.02; 95% CI, 0.99 to 1.05). Adjusting for educational level, county of residence, whether the patient lived alone, and number of children did not materially change the estimates. There were no significant interactions between these variables and urbanization category. In analyses where urbanization category was used as a time-varying coefficient, the HR of mortality between rural and urban municipalities clearly varied by time after hip fracture. In men, a peak during the first year after hip fracture was seen, reaching a maximum HR of 1.20 (95% CI, 1.10 to 1.30) on day 102 postfracture ( Fig. 2A) . The HR gradually declined thereafter, but remained significant until 4.8 years after the hip fracture. In women, the peak in HR appeared later [HR 1.15 (95% CI, 1.08 to 1.21) after 411 days], and was no longer significant after 4.6 years (Fig. 2B ). 
Excess mortality in
Urban-rural differences in excess mortality
In the general population, absolute mortality was similar across categories of urbanization during the study period: ageadjusted mortality rates in men 234 (95% CI, 230 to 237), 234 (95% CI, 230 to 234), and 230 (95% CI, 230 to 234) per 10,000 person years in rural, semirural, and urban areas, respectively. The corresponding mortality rates in women in the general population were 201 (95% CI, 197 to 204), 204 (95% CI, 204 to 208), and 204 (95% CI, 204 to 208) per 10,000 person (Fig. 3) . Excess mortality estimated by the flexible parametric survival model demonstrated similar and significant relative differences in excess mortality between urban and rural areas in both men and women. In this model, there were no significant differences in excess mortality between semirural and rural areas.
Sensitivity analyses
Sensitivity analyses, excluding patients with more than 5 years between the Population and Housing Census in 2001 and the hip fracture, demonstrated the same patterns as the main analyses (results not shown). Furthermore, analyses comparing municipalities with urbanization degree 1 versus 0 (ie, strictly urban municipalities where all inhabitants lived in urban areas versus strictly rural municipalities where all inhabitants lived in rural areas) yielded similar results as the main analyses (results not shown).
Discussion
In this study of more than 90,000 first-time hip fracture patients, increasing degree of urbanization was associated with a higher posthip fracture mortality when considering the total follow-up time of 12.8 years. This urban-rural difference in mortality was present in both men and women, varied over time, peaked during the first 1 to 2 years after fracture, and remained statistically significant until approximately 5 years postfracture. Furthermore, the highest excess mortality was found among hip fracture patients living in urban municipalities. However, absolute mortality the first 30 days after hip fracture did not differ significantly between urban and rural municipalities, indicating that the quality of the acute hospital care offered to this patient group does not vary by urbanization.
Previous studies have demonstrated urban-rural differences in hip fracture incidence, as summarized in a systematic review, (9) but variation in hip fracture mortality by degree of urbanization has been less studied. Miller and colleagues (10) found increased in-hospital mortality, but a lower 1-year mortality among rural compared with urban hip fracture patients in the United States. However, urban-rural differences were small despite a greater travel distance to treatment facility among patients residing in rural areas. In contrast, Weller and colleagues (12) reported a nonsignificant trend towards decreased mortality among hip fracture patients treated in urban versus rural community hospitals, both in-hospital and after 3, 6, and 12 months. We could only identify one small study that investigated urban-rural mortality differences beyond the first year postfracture. In contrast to our results, they did not report any significant differences at 1 or 5 years after fracture. (11) The above-mentioned studies have either defined urban and rural municipalities in different ways (10, 12) or the definitions are unclear, (11) thus direct comparisons with our results should be interpreted with some caution. Keeping this in mind, our study partly diverges from previous findings and is, to the best of our knowledge, the first to demonstrate urban-rural differences in hip fracture mortality up to 5 years postfracture, and to identify a distinct peak in the HR between urban and rural areas during the first 1 to 2 years.
In Norwegian municipalities, travel time to the nearest hospital with an emergency department ranges from a few minutes to up to more than 4 hours. (18) However, no significant urban-rural differences in absolute 30-day mortality were observed, and this finding suggests that distance to hospital does not play an important role for survival in this setting and that hip fracture patients in urban and rural municipalities generally have access to similar health-care quality immediately after the fracture. In line with this, 30-day survival after hip fracture varies only slightly between hospital trusts in Norway, although a report on this quality indicator did not distinguish between patients from rural and urban municipalities. (19) However, it should be kept in mind that other indicators of health-care quality in hip fracture patients might be highly relevant, substantiated by the fact that the most distinct urban-rural mortality differences were observed during the first 1 to 2 years after hip fracture in our study. One possible explanation for this interesting pattern could be inequalities between urban and rural municipalities regarding follow-up health-care or rehabilitation services. Additional studies using different indicators are therefore needed to determine whether follow-up health-care services differ by geographic location.
Several other factors might contribute to explain the urbanrural mortality differences observed during the first years after hip fracture. Differences in general health status and comorbidity level between urban and rural areas could be an important reason. A study of more than 11,000 women in Norway demonstrated lower BMD, lower BMI, and a higher proportion with poor or fair self-reported health among urban compared with rural women, (20) indicating a higher level of frailty among urban residents. These findings will likely apply to our hip fracture patients as well, and could potentially explain, at least in part, the increased mortality among urban patients. On the other hand, a higher burden of comorbidity among hip fracture patients in urban areas could also be expected to result in higher 30-day mortality in these patients; however, this was not the case in our study.
Although sociodemographic indicators including education might influence mortality following hip fracture, (21, 22) multivariable adjustment for educational level, number of children, county of residence, and whether the patient lived alone did not change our estimates substantially. Differences in physical activity level could probably be an explanatory factor, as patients in rural areas might be more physically active in daily life or traditionally have had more physically demanding occupations compared with urban residents. Physical activity is associated with lower mortality; (23) and a better physical condition could also alleviate rehabilitation, which is important to improve the outcome after hip fracture. (24) Lastly, it is possible that patients in small, rural municipalities have a different type of social network or higher degree of social interactions, supported by a study showing that elderly in rural areas reported more frequent social contact with their neighbors than their urban-dwelling counterparts. (25) This could result in better long-term survival, as studies have demonstrated associations between a less amount of social contact and increased hip fracture mortality. (26) 
Strengths and limitations
The strengths of our study include the prospective design, the use of a nationwide validated hip fracture database, a large number of hip fracture patients followed up to 12.8 years, and nearly complete national datasets on sociodemographic factors. We recognize the need for comorbidity data, which could have added valuable knowledge when trying to explain the urbanrural mortality differences. Comorbidity data were unfortunately not available for the complete period 2002 to 2013 because of administrative reasons. Moreover, we do not have information on trauma mechanism, which is also a limitation in the study. Another possible limitation is a potentially long time span between the Population and Housing Census in 2001 and the occurrence of hip fracture, causing misclassification if the patient had moved during this period. However, elderly persons do not frequently move to other municipalities, (27) and sensitivity analyses limited to hip fractures occurring during 2002 to 2006 showed the same patterns as the main analyses. Furthermore, the degree of urbanization is determined on a municipality level, not on an individual level. This is perhaps especially problematic in the semirural areas and may lead to misclassification of study participants, eg, in patients residing in mainly rural municipalities, but with a few, rather large, population centers. However, results from the sensitivity analysis (comparing strictly urban to strictly rural municipalities) support our main results.
In conclusion, time-varying increased posthip fracture mortality in urban compared with rural municipalities was identified in both men and women in this large, register-based cohort study. Mortality rates were higher in male compared with female hip fracture patients across all categories of urbanization. Further studies are required to explore whether the novel findings of an urban-rural difference in hip fracture mortality reflect disparities in health status or lifestyle, differences in posthip fracture health care or rehabilitation, or a combination of several factors. This knowledge could be useful when developing strategies to reduce the very high mortality after hip fracture.
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